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Abstract 
Buildings account for about 40% of total electricity use in the world for artificial cooling and artificial day lighting and they are 
also responsible for 40% CO2 emissions. This work reports a comprehensive investigation of thermal performance characteristics 
which include thermal transmittance, thermal admittance, decrement factor and the time lag for both homogeneous and 
composite building walls. A computer program with the cyclic admittance method was developed to study unsteady thermal 
performance characteristics. The Five building materials such as, cellular concrete, mud brick, concrete block, burnt brick and fly 
ash bricks were selected for the study. The heat transfer characteristics of five homogeneous building walls and their five 
composite walls were studied in detail. From the results, it is observed that fly ash brick homogeneous walls and their composite 
walls are energy efficient from the lowest decrement factor and the highest time lag perspective among five homogeneous and 
five composite walls studied. The decrement factor and time lag values of homogeneous fly ash bricks were observed to be 0.401 
and 8.159 h, respectively, whereas the values of composite fly ash brick walls were observed to be 0.342 and 9.199 h, 
respectively. 
© 2016 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the Organizing Committee of ICIAME 2016. 
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1. Introduction 
Passive cooling is the most important factor in ensuring energy efficiency in buildings. Buildings with passive 
building design consume around 10% - 15% less energy as compared to conventional buildings. Building envelopes 
or enclosures such as floors, walls and roofs are significant building elements to build a comfortable indoor 
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environment. These envelopes are exposed to various weather conditions. Appropriate selection of building 
enclosure materials help in providing desired comfort to the occupants with least possible power consumption. 
In hot climatic conditions, the heat transfers from outer surface of the building wall/roof to the inner surface of 
the building wall/roof. During this heat transfer process, outside sinusoidal heat wave progresses through the wall. 
The heat wave has two parameters and they are amplitude and wavelength. The amplitude of the heat wave signifies 
the temperature magnitude and wavelength of the heat wave designate the time. The outside amplitude of the heat 
wave is depending on solar radiation and convection between the outside surface of the fabric and atmospheric air. 
The amplitude of the heat wave decreases as it moves from outside of the wall to the inside of the wall due to the 
thermal mass of the wall/roof material. The attenuation of heat wave from outside to inside is called decrement 
factor and time taken by the heat wave to pass through the wall is called the time lag [1]. The comfortable conditions 
can be maintained inside the room by a low decrement factor and high time lag materials [2].  Thermal properties 
and thickness of the wall on time lag and decrement factor have been investigated using crank Nicolson method 
earlier in the literature [3]. The unsteady state thermal characteristics of building and insulating materials were 
reported and the insulation thickness and position on time lag and decrement factor were studied in detail [4]. 
Analytically computed values of decrement factor and time lag were compared with the experimental results [5]. The 
unsteady thermal characteristics of homogeneous and insulating materials were studied in detail [6]. The effect of 
moisture and optimum location of insulation in external walls was studied earlier [7,8]. The optimum location of 
insulation in flat roofs was studied in the literature [9]. The Present work presents the cyclic admittance method to 
compute unsteady state heat transfer characteristics of the homogeneous and composite walls for identifying energy 
efficient building materials in India.The admittance method is concerned with the internal building response to a 
cyclic variation in ambient outside conditions as a result of the considered component of the building element.  
2.  Methodology 
The admittance procedure is used to calculate unsteady heat transfer parameter values. This method uses matrices 
to simplify the temperature and energy cycles for a composite building wall that is subjected to sinusoidal outside 
temperature variations. The temperature distribution in a homogeneous wall subjected to one dimensional heat flow 
is given by the diffusion equation. 
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Where, cyclic thickness ሺݔሻ ൌ ξߨߩܿ௣ܺଶ ߣܲ ൌ ξߨܥݎ ܲΤΤ  and Characteristic admittance of slab ሺܿሻ ൌ
ξ݆ʹߨ݇ߩܿ௣ ܲ ൌ ξ݆ʹߨܥ ݎܲΤൗ . Here, k is thermal conductivity, ρ is density, Cp is specific heat capacity, P is time 
period.Transmission matrix of single layer can be written as,   
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Where, 
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ሺݔሻ ሺݔሻ,ܭଶ ൌ ሺݔሻ ሺݔሻ, ܭଷ ൌ ሾሺݔሻ ሺݔሻ ൅ ሺݔሻ ሺݔሻሿ ξʹΤ  and 
ܭସ ൌ ሾሺݔሻ ሺݔሻ െ ሺݔሻ 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Transmission matrix for composite wall can be written as,     
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Here, ቂͳ െܴ௦௜Ͳ ͳ ቃ is a transmission matrix for inside surface resistance, ቂ
ͳ െܴ௦௢
Ͳ ͳ ቃ is a transmission matrix for 
outside wall surface resistance, a and b are wall layers. 
For a composite walls, the matrices of each of the layers can be multiplied together to give the relation between 
inside and outside of the walls and it is as follows [10,11]. 
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Thermal Transmittance, (U) is the steady state heat transfer through the wall per unit degree of temperature 
difference between the internal and external environmental temperatures per unit area 
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Thermal Admittance, (Y) is the amount of energy leaving the internal surface of the element into the room per 
unit degree of temperature swing [12]. 
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Decrement factor, (f) is the ratio of the peak heat transfer out of the external surface of the element per unit 
degree of external temperature swing to the steady state heat transfer through the element per unit degree of 
temperature difference between the internal and external environmental temperatures. 
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Decrement delay (ϕ) is the time lag between the timing of the peak inside temperature and the peak heat transfer 
out of the outer surface. 
߶ ൌ ଵଶగ ܽݎܿݐܽ݊ ቀ
ூ௠ሺ௙೎ሻ
ோ௘ሺ௙೎ሻ
ቁ                                                                                                                                       (9) 
Optimum wall thickness (d) is the thickness of the wall where maximum thermal heat capacity occurs and it can 
be calculated by [13], 
݀ ൌ ͳǤʹξఈ௉ఠ                                                                                                                                                         (10) 
3. Wall unsteady heat transfer characteristics 
The most widely used building materials for construction in India are cellular concrete blocks, mud bricks, 
concrete blocks, burnt bricks and fly ash bricks. It is essential to identify the energy efficient building materials to 
reduce cooling loads in the buildings. Table 1. Shows the thermal properties of the six wall materials considered for 
the study.  The thermal properties of building materials are taken as per the Indian standards IS 3792-1978 [14,15].  
Table 1. Thermal properties of wall materials at 50oC  
Wall material Code k(W/mk) ρ(kg/m3) Cp(J/kgK) α x107(m2/s) 
Cellular concrete CC 0.188 704 1050 2.54 
Mud brick MB 0.75 1731 880 4.92 
Concrete block CB 1.74 2410 880 8.20 
Burnt brick BB 0.811 1820 880 5.06 
Fly ash brick FB 0.360 1700 857 2.47 
Cement plaster P 0.721 1762 840 4.87 
The validation of the computer program has been carried out with the CIBSE results and the results of Davies. 
The validation has been carried out for light weight concrete composite wall with thickness 0.2 m, thermal 
conductivity 0.19 W/mK, specific heat capacity 1000 J/kgK and density 600 kg/m3. The light weight concrete wall is 
plastered inside with cement plaster of thickness 0.013 m, thermal conductivity 0.5 W/mK, specific heat capacity 
1000 J/kgK and density 1300 kg/m3. Table 2 shows the comparison of the present results with the results of Davies. 
The results of the computer program are accurate and confirming to the standards. The computer programs for 
computing unsteady state heat transfer characteristics of homogeneous and composite walls were developed. Table 
3. shows the thickness of the homogeneous and composite walls studied in this paper. Table 4. Shows unsteady heat 
transfer characteristics of homogeneous and composite walls. Fig. 1 shows the configuration of the homogeneous 
and composite walls. Fig. 2 shows the images of wall materials.  
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Table 2. Comparison of present program results with the standard results 
S.No. Unsteady property of wall Present program results Results of Davies Deviation (%) 
1. Transmittance (U) (W/m2K) 0.794 0.794 0 
2. Admittance (Y) (W/m2K) 2.819 2.82 0.03 
3. Decrement factor (f) 0.549 0.55 0.18 
4. Time lag (ϕ) (h) 6.89 6.9 0.14 
 
 
Fig. 1. Configuration of the walls (a) Homogeneous walls; (b) Composite walls. 
 
 
Fig. 2. Images of wall materials 
Table 3. Thickness of the homogeneous and composite walls 
Wall type Code Thickness (m) 
Homogeneous Cellular concrete wall CC 0.2 
Homogeneous Mud brick wall MB 0.2 
Homogeneous Concrete block wall CB 0.2 
Homogeneous Burnt brick wall BB 0.2 
Homogeneous Fly ash brick wall FB 0.2 
Composite Cellular concrete wall CCCW 0.015 P + 0.2 CC + 0.015 P 
Composite Mud brick wall CMBW 0.015 P + 0.2 MB + 0.015 P 
Composite Concrete block wall CCBW 0.015 P + 0.2 CB + 0.015 P 
Composite Burnt brick wall CBBW 0.015 P + 0.2 BB + 0.015 P 
Composite Fly ash brick wall CFBW 0.015 P + 0.2 FB + 0.015 P 
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Table 4. Unsteady heat transfer characteristics of homogeneous and composite walls 
Wall (m) U (W/m2K) f ϕ (h) Y (W/m2K) 
CC 0.810 0.497 7.287 2.411 
MB 2.290 0.554 5.954 4.488 
CB 3.511 0.559 5.312 5.548 
BB 2.401 0.549 5.954 4.618 
FB 1.378 0.401 8.159 3.724 
CCCW 0.784 0.444 8.397 3.105 
CMBW 2.091 0.466 6.950 4.502 
CCBW 3.063 0.452 6.207 5.228 
CBBW 2.183 0.459 6.939 4.588 
CFBW 1.303 0.342 9.199 3.973 
 
The walls are external walls and hence inside and outside surface resistances taken are 0.13 W/m2 K and 0.04 
W/m2 K, respectively as per the CIBSE standards. The heat flow through the vertical wall is assumed to be in 
horizontal direction. 
4. Results and Discussions 
  4.1 Admittance and Transmittance of homogeneous walls 
 
Admittance signifies the thermal mass of the wall and thermal transmittance indicates thermal insulation of the 
wall. The higher the admittance value, the higher is the thermal mass. The lower is the thermal transmittance value, 
the higher is the thermal insulation value. Fig. 3 shows the optimum fabric thickness of five homogeneous building 
materials studied. Optimum thickness is the thickness of the wall where maximum heat storage within the wall is 
possible. The optimum wall thickness values of cellular concrete, mud brick, concrete block, burnt brick and fly ash 
brick are found to be 0.083 m (a), 0.137  m (b), 0.106m (c), 0.118 m (d) and 0.097 m (e) respectively. Cellular 
concrete can store maximum energy at 0.083 m (a) thickness. The thermal transmittance and thermal admittance 
values were computed for different thicknesses of the homogeneous building materials studied. It is observed from 
Fig. 3 that transmittance is equal to the admittance at smaller thicknesses. Eq. (6) and Eq. (7) were used to calculate 
thermal transmittance and thermal admittance, respectively. Eq. (10) was used to calculate optimum fabric thickness 
values of the homogeneous wall materials. 
 
 
                   Fig. 3. Admittance and transmittance of homogeneous walls 
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4.2 Decrement factor of homogeneous walls 
 
Fig. 4 shows the decrement factor of the five wall materials studied. To reduce the impact of outside high 
temperatures on indoor environmental conditions, the decrement factor of the wall plays a very significant role. The 
decrement factor of the wall should be as low as possible to delay the outside heat flow entry into the room. Eq. (8) 
Was used to calculate the decrement factor of homogeneous walls. At 0.2 m of the homogeneous wall thickness, the 
decrement factor of cellular concrete, mud brick, concrete block, burnt brick and fly ash brick are found to be 0.497, 
0.554, 0.559, 0.549 and 0.401, respectively. From Fig. 4, it is observed that the decrement factor is lowest for fly ash 
brick at all wall thicknesses. Its decrement factor value was observed to be 0.401 at 0.2 m thickness. 
 
                       Fig. 4. Decrement factor of homogeneous walls 
 
4.3 Time lag of homogeneous walls 
 
Fig. 5 shows the time lag values of five homogeneous building walls. Eq. (9) computes the time lag values of 
homogeneous wall materials.  Decrease in decrement factor increases the time lag values. The time lag of the wall 
should be as high as possible to delay peak temperature variations inside the room. At 0.2 m homogeneous wall 
thickness, the time lag of cellular concrete, mud brick, concrete block, burnt brick and fly ash brick are found to be 
7.287 h, 5.954 h, 5.312 h, 5.954 h and 8.159 h, respectively.  From this, it is observed that fly ash bricks have highest 
time lag values of 8.159 h among five building materials studied. 
4.4 Decrement factor of homogeneous and composite walls 
 
In practice, the walls are composite, i.e., they are made with one or more number of different layers. Fig. 6 shows 
the decrement factor of the five homogeneous walls and their composite walls. The decrement factor of a composite 
cellular concrete wall (CCCW), composite mud brick wall (CMBW), composite concrete block wall (CCBW), 
composite burnt brick wall (CBBW) and composite fly ash brick wall (CFBW) are observed to be 0.444, 0.466, 
0.452, 0.459 and 0.342, respectively. Among studied five composite walls, composite fly ash brick walls were 
observed to be energy efficient from the least decrement factor (0.342) point of view. 
4.5 Time lag of homogeneous and composite walls 
 
Fig. 7 shows the time lag of the five homogeneous walls and their composite walls. The time lag of composite 
cellular concrete wall (CCCW), composite mud brick wall (CMBW), composite concrete block wall (CCBW), 
composite burnt brick wall (CBBW) and composite fly ash brick wall (CFBW) are observed to be 8.397 h, 6.950 h, 
6.207 h, 6.939 h and 9.199 h, respectively. Among studied five composite walls, composite fly ash brick walls were 
observed to be energy efficient from the highest time lag (9.199 h) perspective. 
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                Fig. 5. Time lag of homogeneous walls 
 
Fig. 6. Decrement factor of homogeneous and composite walls 
 
 
Fig. 7. Time lag of homogeneous and composite walls 
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5. Conclusions 
x The order of preference of the building materials from the most energy efficient to the less energy efficient 
as per lower decrement factor point of view among studied composite walls are Composite fly ash brick 
walls (0.342), Composite cellular concrete walls (0.444), Composite concrete block walls (0.452), 
Composite burnt brick walls (0.459) and Composite mud brick walls (0.466).The order of preference of the 
building materials from the most energy efficient to the less energy efficient as per higher time lag point of 
view among studied composite walls are Composite fly ash brick walls (9.199 h), Composite cellular 
concrete walls (8.379 h), Composite mud brick walls (6.950 h), Composite burnt brick walls (6.939 h) and 
Composite concrete block walls (6.207 h). 
x Thermal transmittance and the decrement factor decrease with the increase in the thickness of the wall and 
the time lag increases with the increase in the thickness of the wall. 
x Fly ash bricks have the least decrement factor (0.401) and the highest time lag values (8.159 h) among five 
homogeneous building materials studied. Composite fly ash brick walls (CFBW) have the least decrement 
factor (0.342) and the highest time lag values (9.199 h) among five homogeneous and five composite walls 
studied. Hence, these bricks are recommended for reducing the impact of outside temperature fluctuations 
on the indoor environment. The procedure of the study helps in computing unsteady heat transfer 
characteristics of any composite wall materials to identify energy efficient building materials for 
construction. 
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